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Abstract
Background and Objective Trofinetide, a synthetic analog of tripeptide glycine-proline-glutamate, is an investigational agent 
for the treatment of Rett syndrome, a neurodevelopmental disorder with affected individuals requiring lifelong support. Food 
can affect the pharmacokinetic profile of a drug, and this phase 1 study assessed the potential effect of food on the pharma-
cokinetics of trofinetide. The study also evaluated the potential effect of evening dosing on trofinetide bioavailability and 
characterized the pharmacokinetic profile of trofinetide in urine.
Methods A 60 mL oral solution of trofinetide (12 g) was administered in three dosing periods: morning fasted (A; reference), 
morning fed (B), and evening fasted (C). Healthy adult subjects (18−45 years) were randomized to sequence ABC (n = 19) 
or BAC (n = 22). Blood and urine samples were collected at scheduled timepoints for trofinetide pharmacokinetic analysis. 
Bioequivalence was confirmed if 90% confidence intervals for geometric mean ratio between B/A or C/A fell within 80–125% 
equivalence limits for area under the concentration-time curve (AUC) and maximum concentration (Cmax) in whole blood.
Results Bioequivalence criteria were met for all conditions (i.e., morning fed vs. morning fasted and evening fasted vs. 
morning fasted) except Cmax in the fed versus fasted condition, which was just below the bioequivalence limit (75.49%), sug-
gesting a negligible food effect and lack of diurnal variation on bioavailability. Trofinetide was primarily excreted unchanged 
in urine. Trofinetide was well tolerated, and there were no significant changes in vital signs or laboratory parameters.
Conclusion This study supports dosing of trofinetide without regard to food.

Key Points 

This phase 1 study in healthy adults suggests there is 
a negligible food effect and no diurnal variation on the 
bioavailability of trofinetide, an investigational agent for 
the treatment of Rett syndrome.

Trofinetide was primarily excreted unchanged in urine.

1 Introduction

Rett syndrome (RTT) is a neurodevelopmental disorder 
caused in most cases by loss of function mutations in the 
gene encoding methyl-CpG-binding protein 2 (MECP2) [1, 
2], which results in neurological dysfunction due to inef-
fective or defective synaptic connections [3–5]. RTT pri-
marily affects females, occurring in approximately 1 in 
10,000–15,000 female births worldwide [6–9]. While sur-
vival of individuals with RTT has improved over time, with 
many living into adulthood, affected individuals require life-
long support and medical care from caregivers and health-
care systems [9–11].

Trofinetide (glycyl-l-2-methylprolyl-l-glutamic acid, 
also known as ACP-2566 or NNZ-2566) is a novel syn-
thetic analog of glycine-proline-glutamate (GPE), which is 
a naturally occurring protein in the brain [12]. GPE has been 
shown to partially reverse core symptoms in Mecp2-deficient 
mice, improving motor and respiratory function and heart 
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rate, increasing brain weight, and extending life span [12]. In 
a rat model of hypoxic insult (acute focal stroke), both GPE 
and trofinetide, which has a longer half-life than GPE, atten-
uated apoptosis and reduced infarct size, with trofinetide 
exhibiting a dose-dependent reduction in infarct size [13].

In a phase 2 study of 82 children/adolescents with RTT 
who received a twice-daily oral solution of trofinetide 
according to three weight-based doses (50 mg/kg, 100 mg/kg,  
or 200 mg/kg) for 6 weeks, the 200 mg/kg dose significantly 
improved clinician- and caregiver-assessed efficacy meas-
ures [1].

In initial clinical pharmacokinetic studies (including pop-
ulation pharmacokinetic modeling in healthy adult subjects), 
oral trofinetide administration led to linear kinetics with no 
time- or dose-dependent effect on pharmacokinetic param-
eters [1, 14]. Systemic exposure to trofinetide was dose-pro-
portional across the studied dose range (up to 200 mg/kg), 
with no metabolic auto-inhibition or auto-induction. There 
was minimal to no accumulation following multiple-dose 
administration [1, 14]. In these early analyses, there was 
an observed difference in the bioavailability of trofinetide 
between morning and evening dosing, which could poten-
tially be attributed to a food effect or circadian fluctuations 
in absorption or metabolism. Pharmacokinetic parameters of 
trofinetide were best described by a two-compartment model 
in the population pharmacokinetic modeling study [14]; 
however, a noncompartmental analysis is typically favored 
for characterizing pharmacokinetics in a single study.

The concomitant intake of food may affect the phar-
macokinetic profile of orally administered drugs through 
several mechanisms, including delaying gastric emptying, 
changing the pH of the gastrointestinal tract, or changing 
the luminal metabolism of a drug [15, 16]. It is also well 
recognized that a drug’s pharmacokinetics can be modified 
according to the time of administration due to the impact of 
circadian rhythms on physiological functions (e.g., changes 

in hepatic blood flow, absorption from the gastrointestinal 
tract) [17]. This could have implications for oral medica-
tions administered more than once daily and could require 
changes to the dosing regimen or route of administration to 
optimize systemic exposure. The primary purpose of the 
current study was to characterize the potential effects of 
food on pharmacokinetic parameters of trofinetide follow-
ing oral administration at the highest proposed clinical dose 
(12 g) to individuals with RTT. Potential diurnal variation 
in bioavailability was assessed as an exploratory endpoint 
by comparing the effect of evening and morning dosing on 
pharmacokinetic parameters of trofinetide. Another explora-
tory objective of this study was to characterize the pharma-
cokinetic profile of trofinetide in urine.

2  Methods

2.1  Study Design

This was a phase 1, open-label, single-dose study that 
enrolled healthy adult subjects to investigate the effect of 
food on the pharmacokinetics of a single 12-g dose of tro-
finetide oral solution. The effect of evening dosing on trofi-
netide pharmacokinetics was also investigated to determine 
potential diurnal variation. In addition, the pharmacokinet-
ics of trofinetide in urine were characterized. A schema is 
provided in Fig. 1. The study was designed and performed 
in line with the US Food and Drug Administration’s (FDA) 
Guidance for Industry: Food-Effect Bioavailability and Fed 
Bioequivalence Studies [18], and was conducted at a spe-
cialist phase 1 unit (Worldwide Clinical Trials in the United 
States) between November 2019 and February 2020.

Potential subjects were screened to assess eligibility 
within 28 days prior to trofinetide administration. The study 
included three dosing periods: fasted in the morning (A; 
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Fig. 1  Study design. aUrine samples were not collected during the 
evening fasted dosing period. A fasted in the morning (reference; 
morning fasted state), B fed in the morning with a high-fat meal (test; 

morning fed state), C fasted in the evening (test; evening fasted state), 
D day, EOS end of study
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morning fasted state [reference]), fed in the morning with 
a high-fat meal (B; morning fed state [test]), and fasted in 
the evening (C; evening fasted state [test]). Subjects were 
randomized to treatment conditions A and B for the first and 
second dosing periods, and all subjects were to receive treat-
ment condition C in the third dosing period (i.e., subjects 
were randomized 1:1 to receive either treatment condition 
sequence ABC or BAC). The washout period after the first 
and second dosing periods was between 5 and 10 days.

For treatment condition A (morning fasted state), sub-
jects were fasted overnight for approximately 10 h prior to 
trofinetide administration at around 08:00 (± 2 h). Subjects 
continued to fast for 4 h after administration of trofinetide. 
For treatment condition B (morning fed state), subjects were 
fasted overnight for approximately 10 h, then received a 
standardized high-fat breakfast consisting of two eggs fried 
in butter, two strips of bacon, two slices of toast with butter, 
4 ounces of hash brown potatoes, and 8 ounces of whole 
milk. Subjects were administered trofinetide 30 min after 
completing the high-fat meal, after which they fasted for 4 h.  
For treatment condition C (evening fasted state), subjects 
fasted for approximately 6 h prior to trofinetide administra-
tion in the evening (at approximately 20:00 h), after which 
subjects continued to fast for a further 4 h.

Prior to trofinetide administration in each dosing period, 
an electrocardiogram (ECG) was performed in triplicate, 
and whole blood and urine samples were collected (urine 
samples were not collected in dosing period C). Follow-
ing these procedures, a single 12-g dose of trofinetide was 
administered as a 60 mL solution. Subjects were allowed 
up to 250 mL of water following trofinetide administration. 
There were two follow-up visits to assess safety: (1) in the 
clinic approximately 1 week after the end of treatment pro-
cedures; (2) subjects received a telephone call 30 days after 
the last trofinetide dose in the third dosing period.

2.2  Study Population

Healthy male and female subjects aged 18–45 years, with a 
body mass index between 18 and 30 kg/m2 and body weight  
> 50 kg and < 100 kg, were eligible for this study. In the opin-
ion of the investigator, subjects were in good health (defined 
by the absence of evidence of any active or chronic disease), 
as determined based on screening medical history, physical 
examination, laboratory test profile, vital signs, and ECG.

Subjects were excluded if they had a history or presence 
at screening of a cardiac conduction abnormality, or tested 
positive for alcohol, illicit drug, or cannabis at screening or 
day −1. Subjects were also excluded if they had received 
any prescription or non-prescription medications or supple-
ments during the 14 days or five half-lives (whichever was 
longer) preceding day −1; an exception was made for aceta-
minophen or ibuprofen. Subjects who consumed > 500 mg  

of caffeine or xanthine-containing products per day were 
also excluded.

Female subjects were non-pregnant and those of child-
bearing potential or with a partner of childbearing potential 
agreed to use highly effective non-hormonal contraception 
for at least 28 days prior to trofinetide administration and 
for 28 days after the last dose of trofinetide. Male subjects 
with a female partner of childbearing potential agreed to 
use highly effective contraception from screening and for 
90 days after the last dose of trofinetide.

The use of caffeine and xanthine-containing products was 
not permitted during confinement periods. Subjects were 
also required to abstain from alcohol, grapefruit, or Seville 
orange-containing foods (e.g., orange marmalade) or bever-
ages from 48 h prior to check-in on day −1 through to the 
end of the study. Prescription or over-the-counter medica-
tions (with the exception of acetaminophen and ibuprofen) 
and herbal or nutritional supplements were not allowed dur-
ing the study.

2.3  Study Assessments

2.3.1  Materials

Acadia Pharmaceuticals Inc. supplied trofinetide oral solu-
tion as an aqueous, ready-to-use, strawberry-flavored liquid 
in 500-mL high-density polyethylene plastic bottles with a 
child-resistant closure. Reference and internal standards for 
trofinetide were supplied by Acadia Pharmaceuticals Inc. 
(San Diego, CA, USA).

2.3.2  Dose Selection

Based on exposure-response data from a previous phase 2 
study with trofinetide in female children/adolescents with 
RTT [1], a 12-g dose was expected to achieve target expo-
sure (area under the blood concentration-time curve [AUC]: 
800–1000 µg × h/mL) in the weight range of included sub-
jects (50–100 kg) and thus was selected as the maximum 
dose for evaluation. As no accumulation was expected with 
trofinetide, a single dose was representative of the pharma-
cokinetic profile following multiple-dose administration. 
The highest dose in the recently completed phase 3 study 
of trofinetide for the treatment of RTT is 12 g twice a day.

2.3.3  Whole Blood Sample Preparation

Blood samples (each 4 mL) for pharmacokinetic analysis 
of trofinetide were taken via indwelling intravenous (IV) 
catheter or by direct venipuncture and were taken during 
each dosing period within 1 h pre-dose and at 0.5, 1, 1.5, 
2, 2.5, 3, 4, 6, 8, 12, 18, 24, 36, and 48 h post-dose. A 
5-min window was permitted around the nominal sampling 
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timepoints. A 15-min window was permitted for the 18-h 
timepoint and beyond.

Pharmacokinetic parameters in blood for trofinetide 
included maximum observed drug concentration (Cmax), 
time to maximum drug concentration (Tmax), area under 
the blood concentration-time curve from time 0 to time t  
(AUC 0–t), area under the blood concentration-time curve 
from time 0 to infinity (AUC 0–∞), apparent terminal 
elimination half-life (t½), terminal phase elimination 
rate constant (λz), apparent systemic clearance follow-
ing non-intravenous (e.g., oral) administration (CL/F), 
and apparent volume of distribution following non-intra-
venous administration (Vz/F). Calculation methods and 
equations for each pharmacokinetic parameter in blood 
are shown Table 1.

2.3.4  Urine Sample Preparation

For the first and second dosing periods (morning fasted and 
morning fed states), a single urine sample was obtained on day 1  
prior to dosing. For the first 12 h after dosing on day 1, urine 
was collected (and pooled) over 2-h intervals. During the 12- to 
48-h period after dosing, urine was collected (and pooled) over 
6-h intervals. Urine volumes were measured and recorded, and 
2 × 2-mL aliquots were obtained from the pooled samples at 
each specified time interval. The collected samples were used for 
measurement of trofinetide concentration in the urine specimen.

Pharmacokinetic parameters included maximum urinary 
excretion rate, renal clearance  (CLr), ratio of renal clearance 
to systemic clearance  (CLr/CL), non-renal clearance  (CLnr), 
and percentage of dose excreted renally as unchanged drug. 
Calculation methods and equations for pharmacokinetic 
parameters in urine are shown in Table 1.

Table 1  Calculation methods for pharmacokinetic parameters in blood and urine

Parameter Definition Calculation method/equation

Blood
 Cmax Maximum observed blood drug concentration, determined directly from indi-

vidual concentration-time data
Observed value

 Tmax Time to maximum blood concentration, determined directly from individual 
concentration-time data

Occurrence of observed Cmax

 Clast Last quantifiable drug concentration, determined directly from individual 
concentration-time data

Observed value

 Tlast Time of last quantifiable drug concentration, determined directly from indi-
vidual concentration-time data

Occurrence of observed Clast

  AUC 0–t Area under the blood concentration-time curves from time 0 to the time of the 
last quantifiable concentration

Linear trapezoidal rule AUC 0–t = δt × (C1 + C2)/2

 AUC 0–∞ Area under the blood concentration-time curve from time 0 to infinity AUC 0–∞ = AUC 0–t + Clast/λz

 %AUC ext Percentage of area under the curve extrapolated from time t to infinity 100 × (1 − [AUC 0–t/AUC 0–∞])
 λz Terminal phase elimination rate constant Linear regression of the terminal linear portion of 

the log concentration versus time curve
 t½ Apparent terminal elimination half-life t½ = ln(2)/λz

 CL/F Apparent systemic clearance following nonintravenous (e.g., oral) administra-
tion, where F is the bioavailability

CL/F = Dose/AUC 0–∞

 Vz/F Apparent volume of distribution following nonintravenous (e.g., oral) adminis-
tration, where F is the bioavailability

Vz/F = Dose/(AUC 0–∞ × λz)

Urine
 Ae Amount of drug excreted unchanged into urine per collection interval Ae = urine concentration × volume
 Total Ae Cumulative amount of drug excreted unchanged into urine over the entire col-

lection interval
Sum of Ae

 Fe% Percentage of dose excreted in urine per collection interval Fe% = Ae/Dose × 100
 Total Fe% Total percentage of dose excreted in urine over the entire collection interval Fe% = Total Ae/Dose × 100
  CLr Renal clearance CLr = Total Ae/AUC 0–∞

  CLnr Nonrenal clearance of drug from blood CLnr = CL/F −  CLr

  CLratio Ratio of renal clearance to systemic clearance CLratio =  CLr/(CL/F)
 Tmax_Rate Midpoint of the collection interval associated with the maximum observed 

excretion rate
Observed value

 Max_Rate Maximum observed excretion rate, at time Tmax_Rate Observed value
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2.3.5  Bioanalysis and Pharmacokinetic Assessment

Bioanalytical samples (blood and urine) were received fro-
zen in good condition, logged in and stored at −80 °C until 
analysis. Details of the bioanalytical and pharmacokinetic 
assessment of blood and urine samples are summarized in 
the Online Supplemental Materials (OSM), Resource 1.

2.3.6  Safety Assessments

Safety and tolerability were evaluated by treatment-emer-
gent adverse event (TEAE) review, physical examinations, 
clinical laboratory evaluations, vital sign measurements,  
and ECGs.

2.4  Statistical Analysis

The safety analysis set included all subjects who received 
at least one dose of trofinetide. The pharmacokinetic analy-
sis set included all subjects who received at least one dose 
of trofinetide and provided sufficient data to calculate the 
pharmacokinetic parameters for administration periods to be 
used for the planned comparisons and who did not experi-
ence any protocol deviations that impacted pharmacokinetic 
measures.

Concentration-time data for trofinetide were analyzed 
using non-compartmental methods in  Phoenix®  WinNonlin® 
(Version 8.1 or higher [Certara L.P., NJ, USA]) in con-
junction with the internet-accessible implementation of 
 Pharsight® Knowledgebase  ServerTM (PKSO; Version 4.0.4 
or higher [Certara L.P.]) using the extravascular model 
(Model 200 for blood and Model 210 for urine).

The effect of food and evening dosing on the pharma-
cokinetics of trofinetide was assessed by comparing Cmax, 
AUC 0–t, and AUC 0–∞ in the morning fed versus morning 
fasted states (treatment condition B vs. A [reference]) and 

in the evening fasted versus morning fasted states (treat-
ment condition C vs. A [reference]). Each pharmacokinetic 
parameter was analyzed using a mixed effects general lin-
ear model. The model included treatment and sequence as 
fixed effects and subject nested within sequence as a random 
effect. The two-sided 90% confidence interval (CI) for the 
geometric mean ratio (GMR) was obtained from the model 
for the morning fed and evening fasted states versus morning 
fasted state, and bioequivalence was confirmed if the 90% 
CIs fell within the limits of 0.8–1.25 for the three pharma-
cokinetic parameters. All safety measurements were sum-
marized using descriptive statistics.

Thirty-six male or female subjects (18 subjects per treat-
ment sequence) were to be enrolled in the study. The sample 
size was based on an equivalence test of means using two 
one-sided tests on data from a two-period crossover design. 
A total sample size of 36 would provide at least 90% power 
at a 5% significance level, assuming the true ratio of the 
means was 1.05, the coefficient of variation on the original 
unlogged scale was 0.25, and the equivalence limits of the 
mean ratio were 0.8 and 1.25.

3  Results

3.1  Subject Demographics

A total of 41 subjects were randomized, and 35 (85%) sub-
jects completed the study (Fig. 2). Six (15%) subjects dis-
continued treatment before the end of the study and were 
excluded from the pharmacokinetic analysis due to missed 
dosing periods. One subject discontinued in the ‘ABC’ 
sequence (the reason was withdrawal by subject). Five sub-
jects discontinued in the ‘BAC’ sequence (the reasons were 
protocol violation [n = 2], TEAE of appendicitis [n = 1], 

Fig. 2  Subject disposition.  
A fasted in the morning (refer-
ence; morning fasted state), 
B fed in the morning with a 
high-fat meal (test; morning fed 
state), C fasted in the  
evening (test; evening fasted 
state), TEAE treatment-emer-
gent adverse event

All randomized subjects
(N = 41)

Treatment condition
sequence ABC  

(N = 19)

Discontinued (n = 1)
Withdrawal by
subject (n = 1)

Discontinued (n = 5)
Protocol violation (n = 2)
Withdrawal by subject (n = 1)
TEAE (n = 1)
Lost to follow-up (n = 1) 

Treatment condition
sequence BAC  

(N = 22)

Completed  
(N = 18)

Completed  
(N = 17)
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lost to follow-up [n = 1], and withdrawal by subject [n = 1]). 
Demographics information is presented in Table 2.

Two (5%) subjects received concomitant medications to 
treat TEAEs. One subject received hydrocortisone for con-
tact dermatitis at ECG pad sites and prednisone and amoxi-
cillin for a viral illness. The other subject received ondan-
setron for vomiting and iopamidol, piperacillin-tazobactam, 
morphine, and dextrose for appendicitis, and was discontin-
ued from the study.

3.2  Pharmacokinetics

3.2.1  Whole Blood Pharmacokinetics

A total of 1,692 whole blood samples were collected for 
analysis. Blood concentration-time curves for trofinet-
ide following administration of trofinetide in all states are 
presented in Fig. 3a, b. Pharmacokinetic parameters are 
presented in Table 3, and the analysis of pharmacokinetic 
parameters and the number of subjects falling below, within, 
or above bioequivalence are presented in Table 4. GMRs 
and 90% CIs showing trofinetide pharmacokinetics in the 
evening fasted and morning fed states compared with the 
morning fasted (reference) state are presented in Fig. 4.

Following a single 12-g dose, trofinetide pharma-
cokinetic profiles were similar under morning fasted 

(reference) and morning fed and evening fasted condi-
tions. Trofinetide was rapidly absorbed into the circula-
tion, with mean Tmax between 2.00 and 2.50 h. Mean Tmax 
was delayed by 0.50 h in the morning fed state compared 
with both the morning fasted (reference) and evening 
fasted states.

The criterion for bioequivalence for the morning fed 
versus morning fasted states (treatment condition B vs. 
A [reference]) was met for AUC 0–t (GMR 93.5%; 90% CI 
90.2–97.0) and AUC 0–∞ (GMR 93.8%; 90% CI 90.5–97.2); 
however, for Cmax it was slightly outside the bioequiva-
lence boundary (GMR 79.0%; 90% CI 75.4–82.8), with 
exposure around 20% lower in the morning fed versus 
morning fasted state (Table 4).

In the evening fasted versus morning fasted states 
(treatment condition C vs. A [reference]), the criterion 
for bioequivalence was met for all exposure parameters. 
The respective GMRs for AUC 0–t, AUC 0–∞, and Cmax 
were 110.2% (90% CI 106.2–114.3), 109.8% (90% CI 
105.9–113.9), and 99.8% (90% CI 95.1–104.6) (Table 4).

The first 12 and 24 h following trofinetide administra-
tion accounted for around 85% and 95% of total exposure, 
respectively, in all three treatment conditions. Inter-subject 
variability (CV%) for trofinetide systemic exposure param-
eters (Cmax and AUC) was approximately 20% across all 
treatment conditions.

Table 2  Subject baseline characteristics: safety analysis set

A fasted in the morning (reference; morning fasted state), B fed in the morning with a high-fat meal (test; morning fed state), BMI body mass 
index, C fasted in the evening (test; evening fasted state), SE standard error of the mean

Parameter Sequence ABC (N = 19) Sequence BAC (N = 22) Overall (N = 41)

Age at informed consent (years)
 Mean (SE) 34.3 (1.73) 31.6 (1.38) 32.9 (1.10)
 Median (min, max) 37.0 (23, 45) 32.0 (19, 45) 32.0 (19, 45)

Sex, n (%)
 Male 13 (68.4) 15 (68.2) 28 (68.3)
 Female 6 (31.6) 7 (31.8) 13 (31.7)

Ethnicity, n (%)
 Hispanic or Latino 7 (36.8) 9 (40.9) 16 (39.0)
 Not Hispanic or Latino 12 (63.2) 13 (59.1) 25 (61.0)

Race, n (%)
 White 9 (47.4) 15 (68.2) 24 (58.5)
 Black or African American 9 (47.4) 6 (27.3) 15 (36.6)
 Asian 1 (5.3) 1 (4.5) 2 (4.9)

Weight at screening (kg)
 Mean (SE) 75.7 (2.14) 72.8 (2.39) 74.1 (1.62)
 Median (min, max) 74.7 (61, 99) 73.6 (56, 90) 73.7 (56, 99)

BMI at screening, (kg/m2)
 Mean (SE) 26.1 (0.66) 24.9 (0.60) 25.5 (0.45)
 Median (min, max) 26.6 (21, 30) 24.9 (21, 29) 25.8 (21, 30)
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Fig. 3  Arithmetic mean (± SD) concentrations of trofinetide in  
a whole blood, b whole blood (log scale), and c urine following 
administration of a single oral dose of trofinetide in the morning 
fasted (treatment A: reference), fed (treatment B: test), and evening 
fasted (treatment C: test [whole blood only]) states: Pharmacokinetic 

analysis set. A fasted in the morning (reference; morning fasted state), 
B fed in the morning with a high-fat meal (test; morning fed state),  
C fasted in the evening (test; evening fasted state), h hours, SD stand-
ard deviation
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3.2.2  Urine Pharmacokinetics

Overall, 893 urine samples were collected during the morn-
ing fed and morning fasted dosing periods. Urine concentra-
tion-time curves and urine pharmacokinetic parameters were 
comparable following trofinetide administration in the morn-
ing fed versus morning fasted states (Fig. 3c and Table 3). 
The rate of trofinetide excretion in urine mirrored the clear-
ance in blood with a Tmax (median midpoint) of 3.00 h post-
dose. The rate of urinary excretion decreased rapidly over 
the first 12 h and was significantly reduced thereafter until 
the end of sample collection. Approximately 70% of the drug 
was excreted unchanged in urine.

3.2.3  Safety

Of the 41 subjects randomized, 35 subjects received all three 
single oral doses of 12 g trofinetide, two subjects received 
two doses, and four subjects received only one dose.

A summary of TEAEs experienced by two or more sub-
jects for any Medical Dictionary for Regulatory Activities 
system organ class is presented in Table 5. Overall, a single 
dose of 12 g trofinetide administered as an oral solution was 
well tolerated under all three treatment conditions. TEAEs 
were reported in 14 subjects overall. Of these, five subjects 
experienced TEAEs in the morning fasted state, five in the 
morning fed state, and seven in the evening fasted state.

The most common TEAEs (reported in two or more 
subjects for any preferred term) were postural orthostatic 
tachycardia syndrome (n = 3 [7.3%]), viral upper respiratory 
tract infection (n = 2 [4.9%]), and dizziness (n = 3 [7.3%]) 
(Table 5). All other TEAEs were reported in one subject 
each. Most TEAEs were mild in severity. Moderate TEAEs 
of nausea, vomiting, somnolence, and dermatitis contact 
were reported by one subject each.

Ten treatment-related TEAEs were reported in eight 
subjects overall. Of these, one subject experienced a treat-
ment-related TEAE in the morning fasted state, two in 

Table 3  Summary of the whole blood and urine pharmacokinetic parameters of trofinetide after a single trofinetide dose administered during dif-
ferent treatment conditions: Pharmacokinetic analysis set

A fasted in the morning (reference; morning fasted state), AUC 0–t area under the blood concentration-time curve from time 0 to time t, AUC 0–∞  
area under the blood concentration-time curve from time 0 to infinity, AUC ext percentage of area under the curve extrapolated from time t to 
infinity, B fed in the morning with a high-fat meal (test; morning fed state), C fasted in the evening (test; evening fasted state), CL/F appar-
ent systemic clearance following non-intravenous (e.g., oral) administration, CLr renal clearance, CLnr non-renal clearance of drug from blood, 
CLratio ratio of renal clearance to systemic clearance, Cmax maximum observed drug concentration, %fe total percentage of dose excreted in 
urine over the entire collection interval, Max_Rate maximum observed excretion rate at time Tmax_Rate, SD standard deviation, t½ apparent termi-
nal elimination half-life, Tmax time to maximum drug concentration, Tmax_Rate midpoint of the collection interval associated with the maximum 
observed excretion rate, Total Ae cumulative amount of drug excreted unchanged into urine over the entire collection interval, λz terminal phase 
elimination rate constant, Vz/F apparent volume of distribution following non-intravenous (e.g., oral) administration, where F is the bioavailabil-
ity
a Median (minimum, maximum)

Parameter
Mean (SD) unless otherwise noted

A: morning fasted (reference)  
(N = 38)

B: morning fed (N = 40) C: evening fasted (N = 35)

Whole blood
 Cmax, µg/mL 150 (31.9) 118 (23.1) 149 (32.7)
 Tmax, h (min, max)a 2.00 (1.50, 4.00) 2.50 (1.50, 4.08) 2.00 (1.50, 3.00)
 AUC 0–t, µg × h/mL 791 (134) 733 (117) 872 (177)
 AUC 0–∞, µg × h/mL 806 (137) 748 (118) 883 (178)
 AUC ext, % 1.77 (0.68) 2.05 (0.69) 1.37 (0.56)
 t½, h 13.5 (2.76) 14.7 (2.21) 9.15 (2.08)
 λz, 1/h 0.06 (0.02) 0.05 (0.01) 0.08 (0.02)
 CL/F, L/h 15.3 (2.81) 16.5 (3.15) 14.1 (2.98)
 Vz/F, L 296 (69.5) 350 (88.2) 187 (57.9)

Urine
 Max_Rate, g/h 1.32 (0.37) 1.26 (0.30) –
 Tmax_Rate, h 3.00 (1.23) 3.65 (1.46) –
 Total Ae, g 8.33 (1.45) 8.14 (1.32) –
 Total %Fe 69.4 (12.0) 67.8 (11.0) –
  CLr, L/h 10.7 (2.59) 11.2 (2.69) –
  CLnr, L/h 4.69 (2.08) 5.33 (2.30) –
  CLratio 0.69 (0.12) 0.68 (0.11) –
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the morning fed state, and five in the evening fasted state. 
Treatment-related TEAEs reported in more than one subject 
for any preferred term were postural orthostatic tachycardia 
syndrome (n = 3 [7.3%]; morning fed n = 1 and evening 
fasted n = 2) and dizziness (n = 2 [4.9%]; morning fasted n 
= 1 and evening fasted n = 1). The incidence of treatment-
related TEAEs did not differ meaningfully between treat-
ment conditions.

One subject in the BAC sequence experienced a seri-
ous and severe TEAE of acute appendicitis during the first 
dosing period (morning fed state; treatment condition B). 
The event was not considered to be treatment related, led to 
withdrawal of the subject from the study, and later resolved. 
There were no other serious or severe TEAEs, TEAEs lead-
ing to withdrawal, or deaths during the study. There were 
no clinically meaningful changes in individual laboratory 
parameters, vital signs, physical findings, or ECG results.

4  Discussion

Given the potential for food to affect gastrointesti-
nal absorption and alter the pharmacokinetic pro-
file of drugs [19], the present study was primarily 
designed to assess a potential effect of food on the phar-
macokinetic profile of trofinetide, with an explora-
tory objective to confirm potential diurnal variation in 
bioavailability as suggested in the early population phar-
macokinetic analyses [14, 20] of the previous phase 2  
study in female children/adolescents with RTT [1] and phase 1  
studies in healthy adult subjects [14]. In these studies, which 
were conducted under fed conditions, there was an apparent 

decrease in oral bioavailability following the afternoon/even-
ing dosing (FPM = 0.55) compared with the morning dosing 
(FAM = 0.70).

In this study, the rate and extent of trofinetide absorption 
was comparable under morning fasted and evening fasted 
conditions. Bioequivalence criteria were met for all treat-
ment conditions except Cmax in the morning fed state com-
pared with the morning fasted state, for which the lower 90% 
CI (75.4%) was just outside the lower equivalence limit of 
80%. This small change is unlikely to be clinically meaning-
ful and suggests that trofinetide can be taken with or without 
food.

This study also demonstrated that trofinetide does not 
exhibit pharmacokinetic diurnal variation, as indicated by 
a lack of difference in pharmacokinetic profiles following 
morning or evening dosing.

It is feasible that other factors were responsible for the 
observed differences in bioavailability in the previous stud-
ies. For instance, lower body weights were associated with 
lower systemic exposures in the phase 2 study [1], which 
included individuals with RTT with a mean weight < 30 kg. 
In contrast, the healthy subjects in this study were required 
to have body weights > 50 kg. Furthermore, the crossover 
design in this study accounted for intrapatient variability 
since each patient acted as a control (morning fasted), thus 
a more accurate assessment of the effects of food and the 
timing of dosing was permissible in each subject.

Under morning fasted and fed conditions, the excretion 
of trofinetide in urine mirrored the clearance in blood. The 
pharmacokinetics of trofinetide in human urine had not been 
previously characterized but the findings in this study are 
consistent with nonclinical data (unpublished; rat ADME 

Table 4  Bioequivalence analysis of Cmax, AUC 0–t, and AUC 0–∞ of trofinetide following administration in the morning fasted (treatment A [refer-
ence]), morning fed (treatment B [test]), and evening fasted (treatment C [test]) states: whole blood pharmacokinetic analysis set

A fasted in the morning (reference; morning fasted state), AUC 0–t area under the blood concentration-time curve from time 0 to time t, AUC 0–∞  
area under the blood concentration-time curve from time 0 to infinity, B fed in the morning with a high-fat meal (test; morning fed state), C 
fasted in the evening (test; evening fasted state), CI confidence interval, Cmax maximum observed drug concentration, GMR geometric mean ratio

PK parameter N test N reference GMR (%)  
(test/reference)

90% CI (lower–upper) Number of subjects falling below, within, 
or above bioequivalence, n (%)

< 80% 80–125% > 125%

Morning fed (test) vs. morning fasted (reference) (B vs. A)
 Cmax 40 38 79.0 75.4–82.8 20 (54.1) 16 (43.2) 1 (2.7)
 AUC 0–t 40 38 93.5 90.2–97.0 3 (8.1) 33 (89.2) 1 (2.7)
 AUC 0–∞ 40 38 93.8 90.5–97.2 3 (8.1) 33 (89.2) 1 (2.7)

Evening fasted (test) vs. morning fasted (reference) (C vs. A)
 Cmax 35 38 99.8 95.1–104.6 1 (2.9) 33 (94.3) 1 (2.9)
 AUC 0–t 35 38 110.2 106.2–114.3 0 31 (88.6) 4 (11.4)
 AUC 0–∞ 35 38 109.8 105.9–113.9 0 31 (88.6) 4 (11.4)
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third dosing period (evening fasted) due to the inconven-
ience for the subjects, who would have been required to 
provide urine samples throughout the night. The similar 
pharmacokinetic profiles in urine under morning fed and 
morning fasted conditions suggest that renal elimination is 
unaffected by food and corroborates the findings in blood.

Single doses of 12 g trofinetide were well tolerated under 
all treatment conditions. Treatment-related TEAEs reported 
in more than one subject were dizziness (morning fasted n = 1,  
evening fasted n = 1) and postural orthostatic tachycardia 
syndrome (morning fed n = 1, evening fasted n = 2). The 
incidence and severity of TEAEs did not differ meaningfully 
between treatment conditions. One serious TEAE, acute 
appendicitis, led to study discontinuation and was consid-
ered unrelated to treatment. The safety profile was similar to 
those reported in clinical trials that investigated trofinetide 
treatment in individuals with RTT and Fragile X syndrome, 
during which no sentinel safety events occurred and the few 
serious TEAEs that did occur were not considered related 
to trofinetide treatment [1, 21, 22]. The safety profile was 
also similar to those reported in phase 1 studies conducted 
in healthy subjects who received IV (loading dose [20 mg/
kg] and/or extended infusion [1, 3, and 6 mg/kg/h]) or oral 
trofinetide at doses up to 100 mg/kg, in which there were 
no serious TEAEs reported, and the few treatment-related 
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Fig. 4  Geometric mean ratio and 90% confidence interval show-
ing the effect of food and evening fasting on exposure to trofinetide: 
whole blood pharmacokinetic analysis set. AUC 0–t area under the 
blood concentration-time curve from time 0 to time t, AUC 0–∞ area 
under the blood concentration-time curve from time 0 to infinity, CI 
confidence interval, Cmax maximum observed drug concentration, 
GMR geometric mean ratio

Table 5  TEAEs reported in two or more subjects for any system organ class: safety analysis set

MedDRA Medical Dictionary for Regulatory Activities, TEAE treatment-emergent adverse event

System organ class MedDRA preferred term Number of subjects (%)

A: morning fasted (refer-
ence) (N = 38)

B: morning fed  
(N = 40)

C: evening fasted  
(N = 35)

Overall (N = 41)

Subjects experiencing any TEAE 5 (13.2) 5 (12.5) 7 (20.0) 14 (34.1)
Cardiac disorder 0 2 (5.0) 2 (5.7) 3 (7.3)
 Palpitations 0 1 (2.5) 0 1 (2.4)
 Postural orthostatic tachycardia syndrome 0 1 (2.5) 2 (5.7) 3 (7.3)

Gastrointestinal disorders 0 0 3 (8.6) 3 (7.3)
 Gastroesophageal reflux disease 0 0 1 (2.9) 1 (2.4)
 Nausea 0 0 1 (2.9) 1 (2.4)
 Salivary hypersecretion 0 0 1 (2.9) 1 (2.4)
 Vomiting 0 0 1 (2.9) 1 (2.4)

Infections and infestations 2 (5.3) 1 (2.5) 1 (2.9) 4 (9.8)
 Appendicitis 0 1 (2.5) 0 1 (2.4)
 Viral infection 0 0 1 (2.9) 1 (2.4)
 Viral upper respiratory tract infection 2 (5.3) 0 0 2 (4.9)

Nervous system disorders 1 (2.6) 1 (2.5) 3 (8.6) 4 (9.8)
 Dizziness 1 (2.6) 0 3 (8.6) 3 (7.3)
 Headache 0 1 (2.5) 0 1 (2.4)
 Somnolence 0 1 (2.5) 0 1 (2.4)

study report) and show that approximately 70% of the dose 
was excreted unchanged in urine, indicating renal excretion 
as the primary mechanism of drug clearance. Pharmacoki-
netic analysis of urine samples was not performed for the 
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TEAEs included headache and nausea (unpublished data, 
studies Neu-2566-HV-001, -002, -003, -004, -005).

4.1  Limitations

The inclusion of healthy subjects in food effect studies is 
recommended per FDA guidance [18]; nevertheless, the 
population studied in this analysis does not represent the 
target population, which is individuals with RTT, including 
children/adolescents, who may have gastrointestinal con-
founders and are typically of a very low weight.

4.2  Conclusion

Following a single dose of 12 g trofinetide administered as 
an oral solution to healthy adult subjects, pharmacokinetic 
profiles were qualitatively similar under morning fasted, 
morning fed, and evening fasted conditions. Bioequivalence 
criteria were met for all conditions except Cmax in morning 
fed versus morning fasted condition, suggesting a negligible 
food effect and lack of diurnal variation in the bioavailability 
of trofinetide. Trofinetide is primarily excreted in the urine, 
and its pharmacokinetic profile in urine reflected the sys-
temic observations in whole blood.
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